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An Optically Pumped Polarized Ion Source i]r LAHPF

R. L. York. H. Dulick, V. D. Cornelius. 0. R. van Dyck
Los Alamos National Laboratory
Los Alamos, Nev Mexico 87545*

Abstract

The status of the three operational optically pumped polarized H-
sources “ reviewed. The optically pumped polarized H- source
developmen;sprogram at LAMPF is discussed, Aspects of this type of
source requiring further research and de~elopment are discussed.

Introduc[ian

The demand for polarized beam at LNIPF has steadily increased since
the installation of the Lamb-shift source in 1977. In recent years, the
need to satisfy a wider range of ●xperiments has led to the consideration
of upgrading CO a more intense polarized H- ion source. A feasibility
study of the optically pumped polarized ion source began immediately
after Anderson’s article proposing that such a source was possible.L

In the concept proposed by Anderson, 5-keV incident protons capture
spin-polarized electrons from an optically pumped polarized sodium vapor
target. The relatively thick sodium-vapor target (nl>lOL]atoms/cmz) is
polarized by optically pumping vith dye lasers tuned to the wavelength of
the sodium D1 line. The capture of polarized ●lectrons by the proton
beam produces a polarized atomic hydrogen beam. The atomic hyperfine
interaction is rhen used to transfer the atomic polarization to nuclear
polarization through a diabatic field reversal technique known as a Sons
transition.i Subsequent capture of a second electron in an unpolarized
alkali-vapor target produces a poLarized H- beam.

!lesea~ch efforts at LAHPF have made steady contributions to the
nptically p~lmped polarized ion source development. In 1961 ve published
theoretics! estimates tor the polarization ~ransfer from the sodium atoms
to the hydlogen beam as a function of maznetlc-field strength.’ Further,
in that paper we proposed the use of an electron cyclotron resonance
(EcR) source for the production of the incident proton beam to avoid the
substantial emittance grovth caused by charge-changing processes In a
large magnetic field.d In 1982, ve published the first measui.ements of
optically pumping thick sodium-vapor targets vithout a buffer gas.’ LAIIPF
has maintained ir~volvement In the field through collaborations with the
Japanese Natj~tlal Laboratory for High Energy Physics (KEK)” 3 and
TRIUllF.q”’li in 19h5, based on the rerults of tlori at KEK and Schmor at
TRIWIF, ii drtrislon vas made to begin construction of an optically pumped
pfllarlzcd 1o11 c;OI:rCC (oPPIS) at LAHPF.
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Optically Pumped Polarized Sources

The first operational optically pumped polarized ion source was
constructed under the direction of Mori at KEK.lZ This system uses a
16.5-GHz ECR source and the polarized sodium-vapor target is in a 9-kG
axial field. A flashlamp-pumped pulsed dye laser is used to optically
pump the sodium target. The duty factor of this source is 70 psec beam
pulses at a repetition rate of 5 hz. This new pulsed laser systw has
produced 100% polarized sodium ‘/apor targets of 6x10J]atoms/cm2.13 This
source i as produced H- beains of W UA with a polarization of 60% and 180
DA with a polarization of 44%.

The optically pumped polarized ion source at TRIUtlF is now being
installed in their cyclotron injector, The acceleration of polarized H-
beams from the new source is planned for early 1988. The development of
the optically p~]mped source at TRIWtF is complicated because the TRIUMF
cyclotron requires dc opeiation anti small emirtance beams. Because of
these requirements TRIUMF has performed significant development on ECR
extraction opticsl” and cn cw optical pumping techniques.q This source
uses a 28-GHz ECR source and has a 12-kG charge-exchange field. A single
broadband cw dye laser is used to op[lcally pump the sodium vapor target.
This source has prcduced 10 DA H- beams vith a polarization of 65% within
an emittance of 0.041t cm mrad.11

The Institute for Nuclear Research at Moscov has a uniquely designed
system. Instead of an ECR source, they produce the H+ ions in a
three-step process. A 5-keV H+ ion beam is produced vith a conventional
duoplasmatron and then converted into an Ho beam by charge e~change in
hydrogen gas. The neutral hydrogen beam then ●nters the high magnetic
field of the sodium target where it is reionized by electron stripping in
a pulsed helium gas target. A flashlamp-pumped dyc laser is used to
optically pilmp the sodium target. ‘l’he prilarized electlon capture occurs
in a 15-kG maguetic field. The d~ty cycle of this source is presetltly
limited by the use of a pulsed oil-cooled solenoid and the
flashlamp-pllmped dye laser to 2.0-10 usec plllses at a repetition rete of 1
Hz. Tl,e soulce has produced 150 IJA of H- beam with polarization of 65%
and 1 mA nf H+ beam with a polarization of 65%.14

OPPIS

The goal of the OPPIS development progr,l:il at LAMPF is to achieve an
operational ly dependable source with 10 DA , H- beam and a pola~izatiot?
of 65%. The source must ~perate at a “1O% duty factor wilh 000 Bsec
pulses and a repetition rate of 120Hz. A schematic diagram of the
proposed optically pumped pola[ized H“” ion source for LAtlP7 is shown In
Fig. 1. The source will use an Ill (;H: RCR sourre, Thq extraction
electrode systt=m design is similar to the Ki?K and TRIUtfF sysft=m%.iz Sltlre
Cill(’illat ions’ and recent metisurementsll shov that hiKher magnetic fields
produce highel- Iwam polat-izationc, WP have chosen to plare tll~ ~)olill” i ZP(I
sod 1urn t;llKe[ In a 16 k(; axli+l magnt+tlr tleld. T(} nvold I.!le large pov~l
req~liremelll:: ~)t ,a runvent{onal mcagnet, a !;upercoudurt I1lE 501(?ll(’)Ii{ Wll ! 11(+

Ilsd, The ‘:iipetrond~lcting solenoid is n persictcnt mod~ d~vlce with + 5“
l)ot(’ t’tJl dc:;iKll tl(~xihility ,INd inrl(”i~s~[l hnruurn pliml)in;{. “r{) m,{xlmlxf’
[II(J 1{ Iwnrn poi;{tlzatiot] we P1;II1 to i)ias both tl~e po Iill i zP(i :;od illm dII(i
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Fig. 1. Schematic drawing of the LAHFF optically pumped polarized
source with the beam axis magnetic field prof!le shown below.

ionizer cells. This provides the polarized H- ions with a unique energy.
Thus, by energy analyzing the beam prior to Injection into the 750-kV
column, we can eliminate unpolarized background beam. Bending the
polarized H- beam also avoids dumping an intense neutral beam into the
750-kV accelerating column.

The sodium polarization at a particular target density depends on
the amount of laser power within the Doppler-broadened sodium D1
absorption line and the depolarization rate of the sodium atoms. The use
of n flashlamp-pumped dye laser in low-duty-factor sources allows the
concentration of approximately 33 watts of peak laser power within the
sodium absorption line.i~ Hence, flashlamp-pumped sources can reach high
polarizations at nen r optimum sodium target densities. In
high-duty-factot- sources the polarized sodium target is the limiting
factor. In order to improve the polarized sodium target for the LAflPF
source, we have constructed the la::er test facility shown schemfiticnlly
in Fig. 2. Using the Faraday rotation technique to measure the target
polarization, we plan to test various non--dupolarizing cell wall coatitlg
❑aterials% and to compare the optical pumping efficiencies of the



.

,

[. --- –.
Ar+ L4Un

I .
Ur”4LA9Cm

r ..—.-—
L.. —

-- -+ --- /

.--a!iiiiiii+l—...... /
I-— .

—.— “<+=l--J
Fig, 2. Schematic diagram of the LAHPF laser laboratory.

Coherent CR-599 multimode dye laser with the Coherent CR-699 single mode
laser. Ve plan to narrow the bandwidth of the multimode laser using an
intra-cavity etalon similar to TRIlV4F~ and by using a mode-locking
technique. Ilode locking the multi node laser should narrow its bandwidth
to approximately 8 GHz with little or no loss in average power. The
mode-locked laser should produce 120-psec pulses at a repetition rate of
about 160 HHz and a peak intensity of approximately l’iO V. Ve also plan
to try optically pumping a potassium target with the single-mode dye
laser. Potassium has an absorption bandwidth of about 1 GHz which
matches the single-mode laser bandwidth better than sodium. Calculations
show that 1 V of single-mode laser power should pruduce a 92% polarized
potassium target at a density of 5x1(YJ atoms/tin?.

Conclusion

“The performances of the existing optically pumped polarized ion
sources after only 5 years of development is truly remarkable. However,
there are still many aspects of this source that are not yet optimized.
The collaboration between TRIU14F, KEK, and LAHPF has been and will
continue to br highly productive. Ve plan to complete the OPPIS
development project in fall of 1988.
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